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Ocena przecieku płodowo-matczynego u kobiety z dużą populacją 
krwinek czerwonych zawierających hemoglobinę płodową 
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 Abstract
Background: FMH quantiﬁcation is necessary to calculate an individual dose of prophylactic anti-RhD immuno-
globulin and to diagnose fetal anaemia causes. We encountered a healthy woman with a numerous RBCs contain-
ing fetal haemoglobin (HbF). 
Aims: To investigate the cause of this sign and the correct evaluation of fetal RBCs in maternal circulation. 
Materials and Methods: Patient’s samples and artiﬁcial mixtures were tested by microscopic Kleihaur-Betke (KB) 
and ﬂow cytometric (FC) tests with anti-HbF + anti-CA (carbonic anhydrase), and with anti-D. The patient’s blood 
count with reticulocyte parameters, and concentration of bilirubin, haptoglobin, iron, transferrin, ferritin, hepcidin, 
sTR, HbF, HbA2 were measured. Genes coding the - and -globin were sequenced. 
Results: It was impossible to distinguish the population of fetal and maternal HbF positive cells using KBT and FC 
with anti-HbF. Application of anti-CA and anti-D allowed to separate them.  
Maternal blood haematological and biochemical parameters were normal but HbF was 3.3% of total Hb concentra-
tion (normal <1%). There were no mutations in the - and -globin genes, but Xmn I polymorphism at –158 position 
in -globin gene was detected in the homozygous state. 
Conclusion: A very large population of HbF positive cells sometimes can be detect in a healthy woman. Imple-
mentation of the various procedures for FMH assessment is necessary in the such case, otherwise, the detection 
of fetal erythrocytes may not be possible or can give false results.
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Materials and Methods
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FMH evaluation
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The diagnosis of haemolytic anaemia
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 Streszczenie 
Wstęp: Ilościowa ocena przecieku płodowo-matczynego jest niezbędna do obliczenia indywidualnej proﬁlaktycznej 
dawki immunoglobuliny anty-RhD oraz diagnozowania przyczyny niedokrwistości płodu. U zdrowej kobiety przed i 
po porodzie wykryto liczne krwinki czerwone zawierające hemoglobinę płodową (HbF). 
Cele: Zbadanie przyczyn tego zjawiska oraz poprawna ocena płodowych krwinek czerwonych w krążeniu matki. 
Materiał i metody: Próbki krwi pacjentki oraz przygotowane mieszaniny krwinek badano przy użyciu mikroskopo-
wego testu Kleihauera-Betke (KB) oraz metodą cytometrii przepływowej (FC) z przeciwciałami anty-HbF+ anty-CA 
(anhydraza węglanowa) i anty-D. Oceniono morfologię krwi łącznie z parametrami retykulocytów oraz stężenie bili-
rubiny, haptoglobiny, żelaza, transferyny, ferrytyny, hepcydyny, sTR, HbF, HbA2. Sekwencjonowano geny kodujące 
- i -globiny. 
Wyniki: Za pomocą testów KB i FC z anty-HbF nie można było odróżnić populacji HbF dodatnich krwinek czer-
wonych płodu i matki. Zastosowanie przeciwciał anty-CA i anty-D pozwoliło na rozdzielenia ich. Hematologiczne 
i biochemiczne parametry krwi matki były w normie, ale stężenie HbF stanowiło 3,3 % z całkowitego stężenia Hb 
(norma <1%). Nie stwierdzono mutacji w genach - i -globin, ale wykryto polimorﬁzm Xmn I w pozycji -158 genu 
-globiny, w postaci homozygotycznej. 
Wniosek: U zdrowej kobiety czasem można wykryć dużą populację komórek HbF dodatnich. W takim przypadku 
konieczne jest zastosowanie różnych procedur oceny przecieku płodowo-matczynego, w przeciwnym razie wykry-
cie erytrocytów płodu może być niemożliwe lub można uzyskać fałszywe wyniki.
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Figure 1. Cytograms of patient’s and newborn’s (cord) RBCs mixture, imitating 1% 
FMH (1, 2, 3) compared to the control mixture (4, 5, 6), tested with anti-HbF-PE.
 
Figure 2. Cytograms of the patient’s and newborn RBCs mixture (1, 2) compared 
to the controls (3, 4), tested with anti-HbF-PE+anti-CA-FITC (A: 1, 3) and anti-D  
(B: 2, 4) /P2: newborn’s RBCs/.
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Table  I .  Patient’s morphology of RBCs and parameters of haemolysis and 
erythropoesis /*slightly increased, **increased/
Parameter Unit Reference range
Patient’s 

	
 x 1012 3.5-5.4 4.71



  12.0-15.0 14.2

  37.0-47.0 42.2
	

  81.0-99.0 89.6
	

  26.0-34.0 30.1
	


	

 31.0-36.0 33.0
	
  11.5-14.5 12.5



  0.50-2.50 1.87
	

!

"  101-119 104.6
	


	

 23-29 29.9*
	#
  25-30 31.2*
$  %& 3.3 **
'2  1.9-3.5 2.2
  %()+( 0.28
  > 30 224.9
Iron , 37.0-145.0 101.6
/#  200.0-360.0 256.00
$  13.0-150.0 64.50

  13.3-54.4 20.70
:/#

  8.7-28.1 16.42
©  P o l s k i e  T o w a r z y s t w o  G i n e k o l o g i c z n e Nr 8/2014618
  położnictwo
        	 
      	
				
Agata Gieleżynska et al. Feto-maternal haemorrhage assessment in a woman with a large population of red blood cells...
References:
  1. Wylie BJ, D’Alton M. Fetomaternal Hemorrhage. Obstet Gynecol. 2010, 115, 1039-1051.
  2.  Sandler SG, Sathiyamoorthy S. Laboratory methods for Rh immunoprophylaxis: a review. 
Immunohematology. 2010, 26, 92-103.
  3.  Kim YA, Makar RS. Detection of fetomaternal hemorrhage. Am J Hematol. 2012, 87, 417-423.
  4.  Dziegiel MH, Koldkjaer O, Berkowicz A. Massive antenatal fetomaternal hemorrhage: evidence 
for long-term survival of fetal red blood cells. Transfusion. 2005, 45, 539-544.
  5.  Sobczuk K, Wojtera J, Celewicz Z, Szaﬂik K. Intrauterine fetal therapy of NIHF with massie 
pleural eﬀusion – a case study. Ginekol Pol. 2013, 84, 390-394.
  6.  Mundee Y, Bigelow NC, Davis BH, Porter JB. Simpliﬁed ﬂow cytometric method for fetal 
hemoglobin containing red blood cells. Cytometry. 2000,42, 389-393.
  7.  Dziegiel MH, Nielsen LK, Berkowicz A. Detecting fetomaternal hemorrhage by ﬂow cytometry. 
Curr Opin Hematol. 2006, 13, 490-495. 
  8.  Davis BH, Davis KT. Laboratory assessment of fetomaternal hemorrhage is improved using ﬂow 
cytometry. Labmedicine. 2007, 38, 365-371.
  9.  Janssen WCM, Hoﬀmann JJML. Evaluation of ﬂow cytometric enumeration of foetal erythrocytes 
in maternal blood. Clin Lab Haem. 2002, 24, 89-92.
10.  Haj Khelil A, Morinière M, Laradi S, [et al.]. Xmn I polymorphism associated with concomitant 
activation of G and A globin gene transcription on a 0-thalassemia chromosome. Blood 
Cells Mol Dis. 2011, 46, 133-138. 
11.  Zertal-Zidani S, Ducrocq R, Sahbatou M, [et al.]. Foetal haemoglobin in normal healthy adults: 
relationship with polymorphic sequences cis to the  globin gene. Eur J Hum Genet. 2002, 10, 
320-326.
12.  Manca L, Masala B. Disorders of the synthesis of human fetal hemoglobin. IUBMB Life. 2008, 
60, 94-111.
13.  Senanayake MP, Ratnaweera DH, Lamabadusuriya SP. A case of hereditary persistence of fetal 
haemoglobin. Sri Lanka J Child Health. 2004, 33, 119-120.
14.  Marcus SJ, Kinney TR, Schultz WH, [et al.]. Quantitative analysis of erythrocytes containing fetal 
hemoglobin (F cells) in children with sickle cell disease. Am J Hematol. 1997, 54, 40-46,
15.  Thorpe SJ, Thein SL, Sampietro M, [et al.]. Immunochemical estimation of haemoglobin types 
in red blood cells by FACS analysis. Brit J Haematol. 1994, 87, 125-132.
16.  Leers MPG, Scharnhorst V. Discriminating fetomaternal hemorrhage from maternal HbF-
containing erythrocytes by dual parameter ﬂow cytometry. Eur J Obstet Gynecol Reprod Biol. 
2007, 134, 126-136.
17.  Kush ML, Muench MV, Harman CR, Baschat AA. Persistent fetal hemoglobin in maternal 
circulation complicating the diagnosis of fetomaternal hemorrhage. Obstet Gynecol. 2005, 105, 
72-874.
18.  Iyer R, Mcelhinney B, Heasley N, [et al.]. False positive Kleihauer tests and unnecessary 
administration of anti-D immunoglobulin. Clin Lab Haem. 2003, 25, 405-408.
19.  Porra V, Bernaud J, Gueret P, [et al.]. Identiﬁcation and quantiﬁcation of fetal red blood cells 
in maternal blood by dual-color ﬂow cytometric method: evaluation of the Fetal Cell Count kit. 
Transfusion. 2007, 47, 1281-1289.
20.  Kumpel BM, MacDonald AP, Bishop DR, [et al.]. Quantitation of fetomaterlan haemorrhage 
and F cells in unusual maternal blood samples by ﬂow cytometry using anti-D and anti- HbF. 
Transfusion Med. 2013, 23, 175-186.
21.  Prus E, Fibach E. Heterogenity of F cells in -thalasemia. Transfusion. 2013, 53, 499-504.
22.  Bhattacharya G, Banerjee D, Chandra R, [et al.]. Molecular basis of deletional hereditary 
persistence of fetal hemoglobin and deltabeta-thalassemia in Indian patients. Clin Chim Acta. 
2008, 392, 69-70.
23.  Lee ST, Yoo EH, Kim JY, [et al.]. Multiplex ligation-dependent probe ampliﬁcation screening of 
isolated increased HbF levels revealed three cases of novel rearrangements / deletions in the 
-globin gene cluster. Brit J Haematol. 2010, 148, 154-160.
24.  Thein SL. Pathophysiology of beta thalassemia - a guide to molecular therapies. Am Soc 
Hematol Educ Program. 2005, 31-37. 
25.  Kulozik AE, Kar BC, Satapathy RK, [et al.]. Fetal hemoglobin levels and betaS globin haplotypes 
in an Indian populations with sickle cell disease. Blood. 1987, 69, 1742-1746.

internetowe 

	



!"#
K O M U N I K A T
